Cardiac practice involves the application of a range of pharmacological therapies. An anesthesiologist needs to keep pace with the rampant drug developments in the field of cardiovascular medicine for appropriate management in both perioperative and intensive care set-up, to strengthen his/her role as a perioperative physician in practice. The article reviews the changing trends and the future perspectives in major classes of cardiovascular medicine.
Introduction
A cardiac patient receives a spectrum of medications for indications ranging from symptomatic relief, preoperative stabilization, rate and rhythm control, prevention of thrombosis, and metabolic modulation to optimization of systemic and pulmonary pressures. The pace of development of new drugs in the cardiovascular arena has been rapid. The impetus is driven by the need to improve the side effect profile of current drugs and to develop new agents that may treat the existing pathologies through novel mechanisms.
Knowledge of the new drug developments can help an anesthesiologist take better management decisions from the preanesthetic to the intensive care set-up. The effect of preoperative continuation or discontinuation of drugs, possible drugdrug interactions, electrolyte alterations, hemodynamic perturbations, and major metabolic pathways involved constitute invaluable information to the attending anesthesiologist.
Recent Trends in Cardiovascular Medicine
In addition to the approval of new drugs and synergistic combinations, other pharmacological developments include novel routes of administration, dosing regimen, and establishment of efficacy and safety of the existing drugs in a new patient cohort. The various classes of cardiovascular medicine that have seen major developments in the last decade have been discussed in Table 1 .
Antiarrhythmics
Antiarrhythmic therapy is limited to a great extent by incomplete efficacy and narrow margin of safety with potential to cause cardiac and extracardiac toxicity. Amiodarone, though accepted as a valuable antiarrhythmic, the drug accumulates in tissues with prolonged therapy, resulting in significant organ toxicity. Several new compounds comparable in structure and electrophysiological effects to amiodarone have been developed recently.
Dronedarone, like amiodarone, is a de-iodinated benzofuranyl compound with reduced iodine-related toxicity. The side chain modification results in decreased lipophilicity and shorter half-life with reduced tissue accumulation compared to amiodarone. [1] The Food and Drug Administration (FDA) approved this moderately effective Vaughan William Class III drug for the treatment of paroxysmal or persistent atrial fibrillation (AF) or flutter in 2009 largely based on the results of ATHENA trial. The placebo-controlled trial evaluated dronedarone 400 mg twice a day in patients with AF or flutter, demonstrating a significant reduction in mortality. [2] However, reports of liver toxicity highlight the importance of monitoring liver function tests with the therapy. [3] ANDROMEDA trial suggested worsening of congestive heart failure (CHF) with dronedarone in patients with moderate to severe CHF, contraindicating the drug in Class IV heart failure (HF) patients or in those with a recent decompensation. [4] AF originates from the atrial tissue with altered structure or function. Thus, atrial-selective approaches represent promising options for management of AF, with several ionic currents (IKACh, IKur) and connexins (Cx-40) being the potential targets. [5] Vernakalant, an atrial-selective agent, is in advanced stages of investigation for the treatment of AF. [6] It is an atrial repolarization-delaying agent with major target being IKur (sustained outward potassium current). As IKur is present in higher proportion in the atria, the drug has a much greater effect in fibrillating atria and is much less likely to be proarrhythmogenic. Recently, efforts to develop "upstream" therapies for AF targeting atrial remodeling have gained interest. [7] Therapies altering RAS, as well as anti-inflammatory and antioxidative drugs, are being investigated alone and in combination with traditional antiarrhythmics.
Adenosine affects the termination of supraventricular tachycardia (SVT) in patient with AV nodal reentry by stimulating the A1 adenosine receptor. The concomitant stimulation of the A2A, A2B, and A3 adenosine receptors, in view of the nonselective action, leads to variety of side effects, including flushing, dyspnea, and chest pain. Thus, selective A1 receptor agonists have been developed for the termination of SVT and rate control in AF. [8] Tecadenoson, selodenoson, and PJ-875 are such agents under investigation.
Anticoagulants
Introduction of low-molecular-weight heparin and fondaparinux simplified the drug regime of arterial or venous thrombosis as these agents can be given subcutaneously without coagulation monitoring, with lower potential to cause heparin-induced thrombocytopenia (HIT). [9] The long-term use of these agents is limited by the potential for accumulation in renal failure, the lack of an antidote, and risk of catheter thrombosis. Bivalirudin can also be used in patients with HIT, thus representing a safe and effective alternative to heparin. Its short half-life precludes the need for an antidote though it can also accumulate in renal impairment. [10] The capacity to titrate the dose as per the results of point-of-care coagulation tests remains an important practical advantage of heparin and bivalirudin over fondaparinux or enoxaparin in setting of percutaneous coronary intervention.
Several new parenteral anticoagulants in advanced stages of development are AVE5026, idrabiotaparinux, and otamixaban selectively targeting factor Xa (FXa). RB006, an anticoagulant RNA aptamer, specifically targets factor IXa. [11, 12] The new parenteral agents have a rapid onset of action with a predictable anticoagulant effect, which, in the case of idrabiotaparinux and RB006, can be rapidly neutralized by intravenous (IV) avidin or RB007, respectively.
The greatest unmet need in the present context is for oral anticoagulants which can replace Vitamin K Edoxaban ( antagonists (VKAs). VKAs, such as warfarin, despite being the conventional orally active anticoagulants for long-term therapy, have numerous limitations. These include a slow onset of action, variable dose requirements, genetic metabolic polymorphisms, differences in dietary intake of Vitamin K, and numerous drug-drug interactions. [13] Therefore, routine coagulation monitoring is necessary to ensure a therapeutic international normalized ratio (INR).
The new oral anticoagulants (NOACs), target either thrombin or FXa, representing a viable alternative to the traditional VKAs and have gained recent attention in long-term anticoagulant therapy.
Oral Direct Factor Xa Inhibitors Rivaroxaban
Rivaroxaban has a rapid onset of action and a half-life of 7-11 h with an oral bioavailability of 80%. With a dual mode of elimination, both kidneys and liver contribute along with CYP3A4-dependant pathways. The FDA approved the drug for the reduction in the risk of stroke and systemic embolism resulting from AF in 2011 (based on RECORD 1, 2, and 3 trials). [14] The recommended initial dose is 10 mg taken orally once daily.
Apixaban
Apixaban is absorbed rapidly with the maximal plasma concentrations achieved 3 h after oral administration. The drug is cleared with a half-life of 8-14 h and eliminated through multiple pathways, including hepatic metabolism and renal and intestinal excretion. Approved by FDA in 2012 to reduce the risk of stroke and systemic embolism in patients with nonvalvular AF (NVAF) (based on two clinical trials, ARISTOTLE and AVERROES). [14] The recommended dose is 5 mg twice daily, with reduction to 2.5 mg twice daily in patients with any two of the characteristics: age >80 years, body weight <60 kg, and serum creatinine >1.5 mg/dL.
Edoxaban
An active drug that is rapidly absorbed, with a half-life of 9-11 h. Edoxaban has a dual mechanism of elimination; approximately, one-third is eliminated through the kidney, and the remainder is excreted in the feces. The FDA approved the drug in 2015 to reduce the risk of stroke and systemic embolism in patients with NVAF (based on the ENGAGE AF-TIMI 48 study). [14] The recommended dose is 60 mg taken orally once daily with reduction to 30 mg once daily in patients with CrCL 15-50 mL/min.
Oral direct thrombin inhibitors
Dabigatran etexilate (approved by FDA in 2010) is a prodrug of dabigatran which reversibly inhibits thrombin. NICE approved the drug for the prevention of stroke and systemic embolism in NVAF with: previous stroke, transient ischemic attack, or systemic embolism, left ventricular ejection fraction (LVEF) <40%, symptomatic HF (NYHA Class II or more), age 75 or older, age 65, or older with one of the following: Diabetes mellitus, coronary artery disease, or hypertension (HT). The drug is excreted renally with a half-life of 14-17 h. The recommended daily dose is 150 mg BD or 110 mg BD (>75 year) due to the increased risk of renal impairment. [14] Drugs that inhibit P-gp lead to a higher bioavailability of dabigatran, as a result, a lower dose recommended in patients taking P-gp inhibitors (e.g., verapamil or amiodarone).
The Randomized Evaluation of Long-term Anticoagulation Therapy trial compared 2 doses of dabigatran (110 mg and 150 mg twice a day) with warfarin for noninferiority in prevention of stroke or systemic embolus in AF. In comparison to the patients "warfarinized" to an INR of 2-3, both doses of dabigatran significantly decreased the annual rate of stroke or systemic embolus. [15] The development of reversal agents against NOACs is the major breakthrough which can go a long way in expanding the application of NOACs, especially in emergency setting.
Idarucizumab is a humanized monoclonal antibody fragment (Fab) derived from an IgG1 isotype molecule, against dabigatran. The recommended dose of is 5 g. The FDA approval in 2015 was based on a single cohort case series trial with dabigatran-treated patients who had life-threatening or uncontrolled bleeding or who required an emergency surgery or urgent procedure (RE-VERSE AD). [16] Aripazine: This is a synthetic small molecule (D-arginine compound) which has broad activity against old and NOACs. [17] Andexanet: Recombinant, modified FXa molecule that is being developed as a direct reversal agent for patients receiving an FXa inhibitor who suffer major bleeding or who require an emergency surgery. [17] Antiplatelets: Ticagrelor and prasugrel are antiplatelet drugs that are alternatives to clopidogrel in acute coronary syndrome. The major advantages include reduced rates of ischemia and stent thrombosis. [18] Table 2 compares the three antiplatelet agents with respect to their pharmacokinetic and pharmacodynamic profile.
Vorapaxar: New oral protease-activated receptor-1 antagonist inhibits thrombin-induced platelet activation. The drug has been approved by the FDA in 2014 for the reduction of thrombotic cardiovascular events. [21] Cangrelor: Potent IV adenosine-diphosphate receptor antagonist acts rapidly with readily reversible effects. The drug has been approved by the FDA in 2015 for reducing periprocedural thrombotic events. [22] 
Metabolic-modulators
Metabolic modulators represent a class of drugs that act through the optimization of cardiac substrate metabolism.
Ranolazine is approved for the drug treatment of chronic stable angina which reduces myocardial stunning and infarct size. It primarily acts through a subtle shift in myocardial energy metabolism from fatty acid b-oxidation toward the oxidation of glucose, thereby increasing adenosine triphosphate (ATP) generation and ultimately enhancing contractile function. The drug acts without reducing heart rate or blood pressure. It is contraindicated in patients with preexisting QT interval prolongation. The recommended initial dosing is 500 mg twice daily; this may be escalated to a maximum dose of 1000 mg twice daily. The FDA Approval in 2006 was based on a pair of clinical trials, ERICA, and CARISA. [23] Trimetazidine (TMZ) is an inhibitor of free fatty acid oxidation that shifts cardiac and muscle metabolism from free fatty acids in favor of glucose utilization resulting into an increased generation of high-energy phosphates translating into an anti-ischemic effect. There has been growing supportive evidence that TMZ reduces ischemic injury and improves the cardiac function in humans. A randomized clinical trial further substantiated the role of TMZ in improving functional class, left ventricular end-systolic volume, and ejection fraction (EF) in patients with HF of various origins. [24] 
Antihypertensives
The major drugs which have been approved by the FDA, as a monotherapy for the treatment of HT, include as follows:
Azilsartan medoxomil, a prodrug, is hydrolyzed to azilsartan, a selective AT1 subtype angiotensin II receptor antagonist. The drug is indicated for the treatment of HT, alone, or in combination with other antihypertensive agents. [25] The recommended initial dose in adults is 80 mg taken orally once daily.
Clevidipine is an IV short-acting dihydropyridine calcium channel antagonist acting by selectively relaxing smooth muscle cells lining the small arteries. This results in widening of the arterial lumen and effects the reduction of blood pressure since the small arterioles are the primary resistance vessel. The drug is specifically indicated for the reduction of blood pressure when oral therapy is not feasible or not desirable. The recommended initial dose of the drug is 1-2 mg/h until the optimal blood pressure reduction is achieved. [26] The desired therapeutic response for most patients occurs at doses of 4-6 mg/h. [27] is an orally active potent renin inhibitor. The suppression of the Renin-Angiotensin System has been shown to treat HT and reduce cardiovascular events. It may be used alone or in combination with other antihypertensive agents. The recommended initial dose of the drug is 150 mg once daily increased up to 300 mg daily.
Sanoski and Aliskiren
Nebivolol, a third-generation beta blocker, is a racemic mixture of d-and l-nebivolol. The drug exerts nitric oxide (NO)-mediated vasodilation in addition to conventional beta-blocking effects. The half-life of nebivolol varies from 10.3 h in extensive metabolizers to 31.9 h in poor metabolizers. The drug undergoes extensive first-pass metabolism through the CYP2D6 enzyme system with a variable bioavailability (12% for extensive metabolizers and 96% for poor metabolizers). [28] The recommended starting dose of nebivolol is 5 mg once daily, up to a maximum dose of 40 mg daily. In patients with renal or hepatic insufficiency, the starting dose is reduced to 2.5 mg once daily. The drug is not recommended for patients with severe hepatic impairment.
Numerous combinations involving the novel and old beta blockers, angiotensin-converting enzyme (ACE)-inhibitors, calcium channel blockers, thiazide diuretics, renin inhibitors, and angiotensin receptor blockers have been approved by the FDA in the last decade. [19] 2011 for the reduction of thrombotic events in patients with ACS PLATO [20] BA Anti-heart failure drugs
The latest update on pharmacological management in HF patients with reduced EF specifically addresses two new classes of drugs (in addition to ACE-inhibitors, beta-blockers, mineralocorticoid, or aldosterone receptor antagonists).
• A sinoatrial node modulator (Generic: Ivabradine, brand name: Corlanor) • An angiotensin receptor neprilysin inhibitor (ARNI) (Generic: Valsartan/sacubitril, brand name: Entresto).
Ivabradine is a hyperpolarization-activated cyclic nucleotide-gated channel blocker. The drug reduces the spontaneous activity of the cardiac sinus node by selectively inhibiting the If-current (If), resulting in heart rate reduction with no negative impact on myocardial contractility. The drug reduces the risk of hospitalization in patients with chronic HF with LVEF ≤35%, in sinus rhythm with resting heart rate ≥70 beats/min, either on the maximally tolerated doses or having a contraindication to beta-blocker therapy.
The FDA approval of the drug was based on SHIFT (Systolic Heart failure treatment with the If inhibitor ivabradine). [29] The recommended starting dose is 5 mg twice daily, up to a maximum of 7.5 mg twice daily. The major side effects are bradycardia, HT, AF, and luminous phenomena.
Entresto (ARNI) is a combination of two compounds: Sacubitril, a neprilysin inhibitor, and valsartan, an angiotensin II receptor blocker. The drug combination reduces the risk of cardiovascular death and hospitalization in patients with chronic HF (NYHA Class II-IV) and reduced EF. The recommended starting dose is 49/51 mg (sacubitril/valsartan) twice-daily, with the dose reduced to 24/26 mg (sacubitril/valsartan) twice-daily for patients with severe renal impairment and hepatic impairment. The major adverse effects include hypotension, hyperkalemia, cough, dizziness, or renal failure.
The FDA approval of the drug was based on PARADIGM-HF, a multinational, randomized, double-blind trial comparing Entresto and enalapril in 8442 adult patients with symptomatic chronic HF (NYHA Class II-IV) and systolic dysfunction (LVEF ≤40%). PARADIGM-HF demonstrated that Entresto was superior to enalapril in reducing the risk of cardiovascular death or hospitalization. [30] 
Advances in Therapeutic Interventions for Patients with Pulmonary Arterial Hypertension
The armamentarium of drugs for the treatment of pulmonary arterial hypertension (PAH) traditionally relied on IV vasodilators that lacked the specificity for pulmonary circulation with the potential to cause undesirable systemic vasodilation. While the efficacy of inhaled NO for pulmonary-specific pulmonary hypertension treatment is well established, there has been interest among clinicians in developing less expensive inhaled and oral alternatives, which can be administered in a less cumbersome manner. The therapy against PAH targets one of the following pathways as depicted in Figure 1 , many of which have been approved by the FDA [ Table 3 ].
The therapy against PAH which is under recent investigation targets the following:
Nitrite -Nitric Oxide Pathway
NO is also generated through NO synthase-independent pathway involving nitrite. Nitrite (NO 2 ) is converted to NO by multiple enzymes with NO 2 reductase activity including xanthine oxidoreductase, aldehyde reductase, and 
Inhibition of Cyclic Nucleotides Metabolism
Cyclic guanine and adenine monophosphate play an important role in modulating the vasomotor tone. In addition to enzymatic degradation through phosphodiesterases, the cyclic nucleotides levels are also regulated by a transport system mediating active efflux. Multidrug resistance-associated protein 4 (MRP4), a member of ATP-binding cassette transporter family, mediates this efflux of the cyclic nucleotides. The recent research has demonstrated the overexpression of MRP4 in PAH patients. The inhibition of MRP4 thereby represents a potential target for treating PAH in humans. [37, 38] The following databases and electronic repositories were most useful for reviewing the current literature to evaluate the latest drug developments. PubMed Clinical Querries, CenterWatch, and FDA's Centre for Drug Evaluation and Research were extensively used. The authors recommend readers to visit www.centerwatch. com/drug-information for future FDA approved drugs and pharmacotherapies. 
